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wherein R is a substituted or unsubstituted monovalent hydrocarbon group having from 1 to 10 carbon 
atoms, and n Is an integer of from 0 to 100. The compound, because of the two vinylsilyi groups and two 
acki anhydride groups introduced Into the molecule thereof, is useful as an intemtediate or modifying 
agent in the synthesis of various organic resins such as polyimide resins. 
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SILOXANE COMPOUND CONTAINING TETRAHYDROPHTHALIC ANHYDRIDE GROUP AND 



BACKGROUND OF THE INVENTION 

1. Field of the invention 

This invention relates to a novel slloxane compound containing tetrahydrophthalic anhydride groups bon- 
ded to both terminal ends of the slloxane chain, and to a method of producing the same. 

2. Description of the Prior Art 

Compounds of a structure in which maleic anhydride is added to a silane compound having two [2-(1,3- 
butadienyl)] groups bonded to silicon atoms, that is. a structure In which maleic anhydride is added to a bis- 
substituted-1,3-butadienyls{Iane derivative, have been known (Japanese Pre-examination Patent Publication 
(KOKAI) No. 61-205285 (1986)). 

However, compounds having a structure in which maleic anhydride is added to a siloxane compound having 
a [2-(1 ,3-butadienyI)] group bonded to each of silicon atoms at both terminal ends of the siloxane skeleton have 
not hitfierto been known. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to provide a compound of a structure in which maleic anhydride 
is added to a siloxane compound having a [2-(1,d-butadienyl)] group bonded to each of silicon atoms at both 
terminal ends of the siloxane skeleton, and a method of producing the same. 

Accoixiing to this invention, there is provkled a siloxane compound having the general fonrmila [1]: 



wherein each R is a substituted or unsubstituted monovalent hydrocarbon group having from 1 to 10 carbon 
atoms, the R groups may be the same or different, and n is an integer of from 0 to 100. 

The maleic anhydride adducts of a butadienyl group-containing siloxane according to this invention, in view 
of theirmolecular structure having two acid anhydrWe groups introduced therein, are expected to be used widely 
as an intenmediate or modifying agent in the synthesis of various organic resins such as polylmide resins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing an Infrared absorptk^n spectrum of the siloxane compound synthesized in 
Example 1; and 

Figure 2 is a graph showing an infrared absorption spectrum of the compound obtained in Example 3. 
DETAILED DESCRIPTION OF THE INVENTION 
Novel sDoxane compound 

The novel siloxane compounds according to this Invention have the aforementioned general formula [1], 
namely: 



METHOD OF PRODUCING THE SAME 
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As is clear from the formula, the siloxane compounds of this invention have tetrahydrophthlic anhydride 
groups at both terminal end of their molecule, and have a molecular structure in which maleic anhydride is added 
to the [2-1,3-butadienyl)] group bonded to each of the tenntna! silicon atoms in the siloxane chain. 

In the fonnula [1], each R is a monovalent hydrocarbon group having from 1 to 10 carbon atoms, typical 
examples of which Include lower alky! groups, lower alkenyi groups, aryl groups, etc., and in which some or all 
of the carbon-bonded hydrogen atoms may be replaced by halogen atoms or the like. More specrflcally, the 
lower alkyt groups include, for example, methyl, ethyl, propyl and butyl groups and groups derived from these 
groups by substitution of halogen atoms for some or all of the hydrogen atoms In these groups. The lower alkenyl 
groups include, for example, vinyl, aliyi, and butenyl groups and groups derived from these groups by substitu- 
tion of halogen atoms for some or ail of the hydrogen atoms In these groups. The aryl groups include, for 
example, phenyl, tolyl and naphthyl groups and groups derived from these groups by substitution of halogen 
atoms for some or all of the hydrogen atoms in these groups. The plurality of R groups may ail be the same of 
may be different firom each other. ^- . 

Further, n is an integer of from 0 to 100. 

In this invention, typical examples of the butadienyl group-containing siloxane compound are those having 
the general fomnula [2]: 



wherein R is defined above. 

Typical exemplars of R in the general formula [2] include Ci - C4 lower alkyi groups such as methyl, ethyl, 
propyl and butyl, - C4 lower alkenyl groups such as vinyl, adyl and butenyl, Ce - C^s aryl groups such as 
phenyl, tolyl and naphtyi. and corresponding substituted hydrocarbon groups in which part or all of the hydrogen 
atoms of the above hydrocarbon groups have been substituted by a halogen atom such as fluorine, chlorine 
or bromine. 

More specific examples of the compounds of general formula [2] include 1,1,3,3-tetramethyl-1,3-bis[4- 
(1 ,2,3,6-tetrahydrophthalic anhydride)]disiloxane, 1 ,3-dimethyl-1,3-<livinyi-1,3*bis[4-(1 ,2,3,6-tetrahydrophthaIic 
anhydride)]disOoxane or 1,1,3,3-tetravinyM,3-bis[4-(1,2,3,64etrahydrophthaIic anhydride)] dislloxane. 

Production method 

The siloxane compounds of this invention as described above can be synthesized easily by the Diels-AIder 
reaction between a butadienyl group-containing siloxane compound having the corresponding siloxane chain 
and maleic anhydride. 

The iHitadlenyl group-containing siloxane compound for use in this production method has the general for- 
mula [3]: 




[2] 
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wherein R and n have the same meanings as above. For example, 1,1,3,3-tetramethyl-1,3-bis[2-(1,3-butadie- 
nyl)]disiloxane is relevant to this definition. 

fo The reaction is canied out in a solvent which does not hinder the reaction, such as, e.g., ether solvents 
such as tetrahydrofran, dioxane and dlethylether. aromatic hydrocarbon solvents such as benzene, toluene and 
xylene, and halogenated hydrocarbon solvents such as tetrahydrofuran, chloroform, benzene, tetralin, etc., at 
a temperature of generally from -50°C to the boiling point of the solvent (ordinarily, from -50 to 1 0O*C), prefer- 
ably from 0 to 30*»C. If the reaction temperature is too low. the reaction proceeds so slowly as to be impractical. 

iS whereas too high a reaction temperature may cause side reactions, leading to a lowered yield or the like. The 
anrx)unt of the solvent to be used, or the degree of dBution of the reaction mixture, is determined taking the 
heat of reaction, volumetric efficiency, etc. into account 

The reaction Is performed for a period of generally from 30 minutes to 24 hours, preferably firom 6 to 12 
hours, 

20 The ratio of the amount of maleic anhydride used to the amount of the butadienyl group-containing siloxane 
compound used in the range from 1:0.1 to 1:2.5, preferably from 1:0.2 to 1:1.5, on a molar basis. 

The butadienyl group-containing siloxane compounds of general fonmula [3] used In the production method 
can be produced easily by employing the so-called Grignard reaction. 

The Grignard reagent for used in the production of the butadienyl group*containing siloxane compound is 
25 a 2-(halo-magnesium}-1 ,3-butadiene having the general fonnula [5]: 



^ K2C - C - C - CH2 15] 

wherein is a halogen atom, which may be any of chlorine, bromine and iodine atoms. 

The Grignard reagent can be produced easily by mixing a 2-halo-1 ,3-butadiene and metallic magnesium 
in an ether solvent, e.g., tetrahydrofuran, dioxane and diethylether, according to a method whfoh is known per 
35 se, for example, the method described in J. Org. Chem., 44. 4788 (1979). 

That is to say, the butadienyl group-containing siloxane compounds of the above general formula [3] for 
use in the synthesis of the maleic anhydride adduct of this invention can be synthesized by reacting the 
aforementioned Grignard reagent with a halo- or aikoxy-substltuted siloxane compound having the general for- 
mula [61: 

R R R 

X2 - Si ^ (OSi)tt - OSi - X2 tS] 



wherein is a halogen atom or an alkoxy group, and R and n are defined above. 

In the fomiula [6], the halogen atom as the group X^ may be any of chlorine, bromine and todine atoms, 
whereas the alkoxy groups usable as the group X^ include methoxy. etho)^, methoxy-suLstituted ethoxy, 
50 ethoxy-substituted ethoxy. propoxy and butoxy groups, and groups derived from these groups by substitution 
of halogen atoms for some or all of the carbon-bonded hydrogen atoms in these groups* Furthemnore, the two 
X? groups may be the same or different from each other. 

The reaction of the Grignard reagent with the siloxane compound can be carried out by cooling the Grignard 
reagent, prepared in a solvent which does not hinder the reaction, such as tefrahydrofiiran, to or below room 
55 temperature, and adding the siloxane compound dropwise thereto in the presence of an inert gas. The reaction 
can also be carried out In a manner reverse to the above, namely, by diluting the siloxane compound with a 
solvent, and adding the Grignard reagent, previously prepared, dropwise thereto with cooling and stining. 
The butadienyl group-containing siloxane compound synthesized by the above reaction is subjected to the 
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aforementioned DIels-Alder reaction with maleic anhydride, whereby the novel siloxane compounds according 
to this Invention is produced. 

Of the siloxane compounds having the tetrahydrophthallc anhydride group according to this invention, 
those having the aforementioned general formula [2], namely the formula: 

f f 

\ ^CH^ - Si - 0 - Si - 0^ ^ia / 

o 6 

wherein R Is as defined above, can be obtained in the same manner as above by using a compound of the 
general formula [4]: 

20 ^ 4^ ^ 

CH R R CH 

^ ^1 - O - ^1 ^ C 14] 

H2C R R ^CH2 

25 

wherein R is as defined above, as the aforementioned butadlenyl group-containing siloxane compound of the 
general formula [3]. 

The butadienyl group-containing siloxane compounds having the above general fonnuia [4} can be 
obtained by a method which comprises the step of subjecting a butadlenyl group-containing silane having the 
30 fonmula [7]: 

CH R 
H2C R 



wherein Y Is a hydrolyzable atom or group, and R is a defined above, to a hydrolysis and condensation reaction. 

40 in the formula [7], R Is as defined above, and typical examples thereof include - C4 ioweraikyi groups 
such as methyl, ethyl, propyl, and butyl. - C4 lower alkenyl groups such as vinyl, allyl and butenyl, Co - C15 
aryl groups such as phenyl, toiyi and naphtyi, and conresponding substituted hydrocarbon groups in which part 
or all of the hydrogen atoms of the above hydrocarbon groups have been substituted by a halogen atom such 
as fluorine, chlorine or bromine. The hydrolyzable atom or group Y include, for example, halogen atoms selected 

45 from the group consisting of chlorine, bromine and iodine atoms; alkoxy groups such as methoxy, ethoxy, me- 
thoxy-substltuted ethoxy, ethoxy-containing ethoxy, propoxy and butoxy groups; groups derived from these 
groups by subtitutlon of halogen atoms, such as fluorine, chlorine and bromine atoms, for some or all of the 
carbon bonded hydrogen atoms in these groups; and so on. On these atoms and groups, preferred are halogen 
atoms and alkoxy groups. 

50 The hydrolysis of the butadienyl group-containing sliane having the fomnula p] can be carried out by prep- 
aring an aqueous solution of an allcali compound such as sodium hydroxide, potassium hydroxyde, sodium car- 
bonate, etc. at room temperature, and adding dropwise thereto the butadienyl group-containing silane diluted 
with a solvent which does not hinder the hydrolysis, such as, e.g., alkane solvents such as pentane, hexane 
and heptane, aromatic hydrocarbon solvents such as benzene, toluene and xylene, ether solvents such as tet- 

55 rahydrofran, dioxane and diethylether, halogenated alkanes such as methylene chloride, chloroform and car- 
bon tetrachloride. The hydrolysis can also be carried out in a manner reverse to the above, namely, by diluting 
the butadienyl group-containing silane with the solvent, and adding the aqueous alkali compound solution drop- 
wise thereto. 
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By the process as above, the hydrolyzable atom or group Y in the silane of formula [7] is hydrolyzed. with 
the attendant conversion to the silanol group. The silanol group thus fonmed on one molecule of the hydrolyzate 
condenses immediately with the silanol group of another molecule, resulting in the fonmation of the intended 
compound of formula [4]. 

The hydrolysis and condensation reaction is carried out at a temperature of generally from 0 C to the boiling 
point of the solvent, preferably from 10 to 30^C. If the reaction temperature is too low. the reaction proceeds 
so slowiy as to be impractical, whereas too high a reaction temperature may cause side reactions. The reaction 
is carried out for a period generally from 30 minutes to 24 hours, typically from 2 to 12 hours. The molar ratio 
of the sHane of formula [7] to the alkali compound, which are used in this method, is in the range from 1:0.5 to 
1:10. preferably from 1:1 to 1:5. The amount of the solvent to be used, or the degree of dflutlon of the reaction 
muture, may be determined taldng the heat of reaction, volumetric efficiency, etc. into account In the above 
hydrolysis reaction, the butadienyl group-containing silane may either consist of only one such sflane or consist 
of two or more such silanes differing in the kind of the substituent R or Y in the above fomiula [7]. When two 
or more butadienyl-group containing silanes differing In the R groups are used, it is possible to produce a 
butadienyl group-containing slloxane having the aforementioned general formula [4] In which the different R 
groups are bonded to the two silicon atoms, respectively. 

Besides, thesflane compound of the general formula [7]. for use asastarting material in the above method, 
can be synthesized, for example, by reacting a silane having the general formula [8]: 



K 
I 

R 

wherein R and Y are as defined above, with the aforementioned Grignard reagent having the general fonmula 
US]. 

The reaction of the silane of tiie general fonnula [8] and the Grignard reagent of tiie general fomiula [5] 
can be carried out by cooling the Grignard reagent, prepared in a solvent which does not hinder the reaction, 
such as tetrahydrofuran, to or below room temperahjre, and adding the silane dropwise thereto in the presence 
of an inert gas. The reaction can also be carried out in a manner reverse to the above, namely, by dfluting the 
silane with a solvent, and adding the Grignard reagent, prevtously prepared, dropwise thereto with cooling and 
stirring. 

EXAMPLES 

This invention wfll now be further illustrated by the following nonlimitative examples. 
Example 1 

A30-mI flask equipped with a reflux condenser, a thermometer, a stin-er and a dropping funnel was charged 
with 3.87 g (16.3 mmol) of 1.1.3.3-tetramethyH,3-bls[2-(1.3-butadienyl)]disnoxane prepared preliminarily, 3.19 
g (32.5 mmol) of maleic anhydride and 5 ml of dry THF (tetrahydrofuran), and the resultant mixture was aged 
at 25°C for 10 hours. 

Next, the solvent and the unreacted raw materials were distilled off under a reduced pressure, to yield 6.4 
g of a white solid. The white solid was dissoWed In 7 nnl of THF, and re-preclpHated by use of hexane, to give 
5.1 g of a white powder (yield: 72%). 

The compound was subjected to measurement of NMR, mass spectrum, IR absorption spectrum and ele- 
mental analysis. The results are shown below. 

It was confirmed by these results that the compound obtained above is 1,1,3,3-tetramethyl-1,3-bis[4- 
(1.2.3.&4etFahydrophthaIic anhydride}]disiloxane. 
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Mass spectrum: 
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419 (H+-CH3), 283 (H+ 



IR absorption spectrum: shown in Rgure .1 . 

2950 (C*H} 

1625 (C=C) 

1250f 800 (Si-(CH3)2) 

1070 (Si-0) 

Elemental analysis: as C20H26O7S12 

Calcd, 55.27 6*03 
Found 55.21 6.09 

Example 2 

40 The procedure of Example 1 was repeated in the same manner as above except that the aging was carried 

out at -10*'C for 15 hours, whereby 3.5 g of a white powder was obtained (yield: 50%). 

The white powder was analyzed in the same manner as in Example 1, It was confirmed by the analytical 
results that the product compound is 1 ,1 ,3,a-tetramethyl-1 ,3-bis[4-(1 ,2,3,6rtetrahydrophthalic anhydride))]dis- 
Qoxane. 



Example 3 



A 30-m! flask equipped with a reflux condenser, a thermometer, a stirrer and a dropping funnel was charged 
with 72.5 of (0.277 mol) of 1,3-dimethyl-1.3-divinyl-1,3-bis[2-(1,3-butadienyl)]dlsiloxane synthesized preliml- 
50 narily. 54.3 g (0.554 mol) of maleic anhydride and 150 ml of dry THF. and the resultant mbcture was aged at 
25**C for 10 hours. 

Next, the solvent and the unreacted raw materials were distilled off under a reduced pressure, to yield 119.3 
g of a white solid. The white solid was dissolved in 1 50 mi of THF, and re-precipitated by use of hexane, whereby 
96.4 g of a white powder was obtained (yield: 76%). 
ss The compound thus obtained was analyzed in temns of ^HNMR, mass spectrum, IR absorption spectrum 

and elemental analysis. The results are shown below. It was confimned by the analytical results that the com- 
pound is 1.3-dimethyl-1,3-divinyt-1,3-bis[4-(1,2,3,6-tetrahydrophthallc anhydride)]dlsiloxane. 
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Mass spectrum: 



443 (M'*"-CH3}, 307 (K+ 




IR absorption spectrum: shown in Figure 2. 

2950 (C-H) 

1780 (C*0) 

1620 (C«C) 

1260, 800 (Si-(CH3)) 

1070 (Si-0) 

Elemental analysis: as C^HzbOtS'iz 

gf^) -JiOX 
Calcd. 57.62 5.71 

Found 57.56 5.73 

Example 4 

The procedure of Example 3 was repeated in the same manner as above except that the aging was earned 
out at -10''C for 15 hours, to yield 57.1 g of a white powder (yield: 45%). The compound thus obtained was 
analyzed in the same manner as in Example 3. The analytical results confirmed that the product compound is 
1 ,3-dimethyH ,3-divInyl-1 ,3-bisI4-(1 ,2,3,e-tetrahydrophthalic anhydride)]disiloxane. 

Claims 

1. A stioxane compound having the general formula [1]: 
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wherein each R is a substituted or unsubstituted monovalent hydrocarbon group having from 1 to 10 carbon 
afoms, the R groups may be the same or difTerent, and n is an integer of from 0 to 100. 

2. The siloxane compound according to claim 1 , wherein the R groups in the fonnula [1] are each a - C4 
alkyi group, a Ci - C4 alkenyl group, a - 0^5 aryl group or a corresponding substituted hydrocarbon group 
derived from the above hydrocarbon groups by substitution of halogen atoms for some or all of the hydrogen 
atoms in the groups. 

3. The siloxane compound according to clanm 1 . having the following fonnula IZt 

1 ? 

c ^cai2v ,CH2v ✓c 

/ ^CH CH R R Ch' *W \ 

\ ^ca^ - Si - o ~ Si - ^CH / ^ ' 

I R R I 

o o 

wherein each R is independently a methyl or vinyl group. 

4. The sQoxane compound according to claim 3, which is 1,1,3,3-tetramethyl-1,3-bis[4-(1,2,3.8-tetrahyd- 
rophthalic anhydride)]dlsiIoxane, 1 .3-dimethyl-1 ,3-divinyl-1 ,3-bis[4-(1 .2.3.6-tetrahydrophthalic anhyd- 
rideldisiloxane or 1,1,3,3-te!ravinyl-1,3>bis(4-(1,2,3,&-tefa^hydrophthalic anhydride)]disiIoxane. 

5. A method of producing the sSoxane compound as defined in daim 1, which method comprises reacting: 

(a) a butadienyl group-containing siloxane compound having the general fonnula [3]: 



^CH2 

CH R ^ R CH 

/ - fi - (Ofl)n - 0^1 - ^ [3] 

H2C R R R CH2 

wherein R and n are as defined above, with 
(b) maleic anhydride. 

6. The method according to claim 5, wherein the reaction is carried out at a temperature of from -50 to 1 00^*0. 

7. The method according to daim 5, wherein the ratio of the amount of the maleic anhydride to the anriount 
of the butadienyl group-containing siloxane compound having the general formula [3] is in the range from 
1:0.1 to 1:2.5, on the molar basis. 
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